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a b s t r a c t

The Micronucleus test (MN) and Comet assay (CA) are currently the most widely used methods that

allow the characterization of DNA damage induced by physical and chemical agents in wild species. The

continuous expansion of the cultivated areas in Argentina, since the introduction of transgenic crops,

mainly soy, in association with the increased use of pesticides, transformed deeply the natural

environments where the lizard Tupinambis merianae (tegu lizard) occurs. Despite the fact that reptiles

have shown to be excellent bioindicators of environmental contaminants, there is no record of

genotoxicity studies in T. merianae. The aim of the present study was to adjust the MN test and CA

protocols to be applied in erythrocytes of T. merianae, and determine the baseline values of DNA

damage in this species. We used 20 adult lizards (10 males: 10 females) from Estación Zoológica

Experimental ‘‘Granja La Esmeralda’’ (Santa Fe, Argentina). Peripheral blood samples were collected

from all animals and the MN test and CA applied according to the protocols established for other

reptilian species. We test critical parameters of CA protocol (cell density, unwinding and electrophor-

esis times) using increasing concentrations of H2O2 (10, 25 and 50 mM) as a known genotoxic agent to

induce DNA damage. Based on this, we determined the most suitable conditions for the CA in this

species: a cell density of 4�103 erythrocytes per slide, 10 min of unwinding and 15 min of electro-

phoresis at 0.90 V/cm approximately. The baseline frequency of micronuclei (BFMN¼MN/1000

erythrocytes counted) determined for this species was 0.9570.27 and the basal damage index

(BDI: calculated from 100 comet images classified in arbitrary units)¼103.8570.97. No differences

were observed between sexes in the BFMN or BDI (p40.05), and no relation was found between

baseline values and length or weight of the analyzed animals (p40.05).

These results demonstrated the sensitivity of both biomarkers of genotoxicity to be applied in

erythrocytes of this species, with baseline values comparable to those reported in other reptilian

species. These results allow us to propose the tegu lizard for future in vivo studies to assess the

genotoxicity of different agents, including those possibly affecting it in its natural geographic

distribution.

& 2012 Elsevier Inc. All rights reserved.
1. Introduction

Tupinambis merianae (tegu lizard) is endemic to South America
(Presch, 1973) and is one of the two native species of the genus
ll rights reserved.
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Tupinambis (Teiidae, Squamata) inhabiting Argentina (Ávila-Pire,
1995). This lizard is widely distributed in the eastern and
north-central region of the country (Fig. 1) and has an annual
reproductive season that takes place from October to December.
Females build their nests in caves dug into the soil, carefully
prepared and isolated from major climate changes (Yanosky and
Mercolli, 1992).

Populations of the genus Tupinambis living in Argentina are
included in Appendix II of CITES (Convention on International
Trade in Endangered Species of Wild Fauna and Flora). Since 2007, T.

merianae has been under management on a sustainable use program
in Santa Fe province (Argentina), known as ‘‘Proyecto Iguana’’.
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Fig. 1. Geographic distribution of T. merianae in Argentina.
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This program is based on the ranching technique, which implies
the collection of eggs from natural environment, subsequent artificial
incubation, birth and raising of the animals under controlled condi-
tions until they reach an appropriate size to be released into the
wild and to avoid predation or influence by very low temperatures.
Twenty-five per cent of the animals born are used for commercial
purpose as pets.

The natural environment where the tegu lizard occurs in
Argentina has been highly transformed as a result of the fast and
continuous expansion of the cultivated areas into new regions,
since the introduction of transgenic crops, mainly soy, and the
implementation of non-tillage system (Paruelo et al., 2006; Aizen
et al., 2009). This has lead to deforestation, drainage of wetlands to
obtain more lands for agriculture, and contamination of natural
environments through increasing pesticides application.

Among the short-term test applied as biomarkers of genotoxi-
city in wild species, the Micronucleus test (MN) and Comet assay
(CA) are preferred methods due to their sensitivity to detect
chromosomal and DNA damage induced by physical and chemical
agents at an early stage, the possibility to apply them in any
nucleated cell type, and the small sample required (Mitchelmore
and Chipman, 1998; Carballo and Mudry, 2006). The sensitivity of
these tests may be compared although both methods measure
different endpoints and, as a result, they complement each other
(Cotelle and Férard, 1999; Ohe et al., 2004).

Although reptiles have shown to be excellent bioindicators of
contamination (Mitchelmore et al., 2005), they remain as the
group of vertebrates less studied in genetic toxicology. In the
literature, few studies have successfully applied the MN test and
CA in reptile erythrocytes to determine basal values of DNA
damage (Zúñiga-González et al., 2001; Boned et al., 2011), and
for in vivo evaluation of genotoxicity induced by physical
(Schaumburg et al., 2010) or chemical agents (Poletta et al., 2009;
Capriglione et al., 2011). To our knowledge, there is no report of the
application of these biomarkers in T. merianae.

The aim of the present study was to optimize two widely used
genotoxic biomarkers, the MN test and CA, to be applied in
erythrocytes of T. merianae, in order to determine the baseline
values of DNA damage and to propose the tegu lizard as a sentinel
species to characterize genotoxic effects in natural environments.
2. Materials and methods

2.1. Chemicals

Dimethyl sulfoxide (DMSO) was purchased from Fluka. Low melting point

agarose (LMP), normal melting point agarose (NMP), ethidium bromide (EB),

acridine orange (AO), Hydrogen Peroxide (H2O2), and the rest of the reagents for

the Comet and MN assays were provided by Sigma. RPMI-1640 medium was from

HyClone and Giemsa was from Biopurs.

2.2. Animals

Twenty T. merianae adults, 10 males and 10 females (37.50–51.50 cm) from

Estación Zoológica Experimental ‘‘Granja La Esmeralda’’ (Santa Fe, Argentina),

were used for this study.

All lizards were weighted (Dixie Kretz, precision 1 g) and measured in snout-vent

length (SVL, precision 0.1 cm). The sex of the animals was externally determined by

the presence of scales on the cloacal region and hypertrophied muscles in the neck

region forming a conspicuous chin in adult males (Donadı́o and Gallardo, 1984).

Peripheral blood samples (1 ml) were obtained from the caudal vein of all

animals, as described by Olson et al. (1977), with heparinized syringes and

25G�100 needles.

2.3. Micronucleus test (MN)

The MN test was performed according to Poletta et al. (2008), with some

modifications as follows: two blood smears were made for each animal on clean

glass slides, fixed with methanol for 10 min, and then stained with Giemsa 10% for

10 min. Giemsa solution was centrifuged and filtered before staining to reduce

precipitations that could interfere with the analysis. Slides were coded for ‘blind’

analysis and then examined under the microscope Olympus CX21 at 1000X. For

the identification of MN we used the criteria described by Schmid (1975):

(i) micronuclei size should be between one-tenth and one-third of the diameter

of the main nucleus, (ii) they should be on the same plane of focus, (iii) they

should have the same color, texture and refraction as the main nucleus and

(iv) they should be clearly separated from the main nucleus.

For each animal, 1000 cells were analyzed and the basal frequency of MN

(BFMN¼number of cells with MN/1000 cells counted) was recorded.

2.4. Comet assay (CA)

Cell viability was determined before the application of CA by fluorescent DNA-

binding dyes. A cell suspension was mixed with a dye-mix working solution of

100 mg/ml AO and 100 mg/ml EB, prepared in Ca2þ- and Mg2þ-free PBS (phos-

phate buffered saline), and then examined under the fluorescent microscope Leica

DMLB at 400X. A total of 100 cells were counted per sample and the percentage of

viable cells was determined (Mercille and Massie, 1994).

Since there was no previous report of the application of the CA in T. merianae,

we had to carry out a preliminary study using the protocol previously established

for erythrocytes of another reptile species (Poletta et al., 2008), testing critical

parameters such as cell suspension, unwinding and electrophoresis conditions.

We used increasing concentrations of H2O2 as a known genotoxic agent (10, 25

and 50 mM) to induce strand breaks in vitro during 30 min, and distilled water as a

negative control. Blood samples were diluted 1:19 (v/v) with RPMI 1640 and

1.5 mL of the cell suspension (4.0�103 erythrocytes, approximately) was used to

prepare each of two slides per blood sample, following the referred protocol.

Slides were immersed in lysis buffer for 24–48 h. Unwinding and electrophoresis

times tested were (a) 5 min each, (b) 20 min each, and (c) 10 min unwinding,

15 min electrophoresis. Electrophoresis conditions were always 300 mA and 25 V

(0.90 V/cm) (Poletta et al., 2008).

Once we have set the proper conditions for the application of the CA in

erythrocytes of the tegu lizard, we applied it in untreated blood samples to

determine the basal damage index.

All slides were coded for blind analysis, they were stained with EB (2 mg/ml), and

100 randomly selected comet images (50 from each replicate) were analyzed per

animal under the fluorescent microscope. The comets were visually classified into five

classes according to tail size and intensity (from undamaged, class 0, to maximally
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damaged, class 4), resulting in a baseline damage index (BDI¼1n1þ2n2þ3n3þ4n4)

per animal (Rodrı́guez Ferreiro et al., 2002; Poletta et al., 2008).

2.5. Statistical analysis

The statistical analysis was conducted with the software SPSS 14.0 for

Windows. We used the ANOVA followed by Tukey test for the comparison of

H2O2 treated groups with the negative control. Mean7Standard deviation (SD) of

BFMN and BDI were calculated from data of all animals. We used the Student

t-test for the comparison of BFMN and BDI between males and females. Linear

regressions were carried out to analyze the relation between BFMN and BDI with

size of the animals. A po0.05 was considered statistically significant.
3. Results

In the MN test, the protocol and staining used for blood smears
resulted in a clear visualization of the MN in the erythrocytes of
the species, avoiding confusion (Fig. 2).

Regarding CA, cell viability of all samples was in the range of
95–100%, indicating appropriate conditions for the application
of this technique in tegu lizard. After the comparison of the extent
of DNA migration in control and treated cells at 3 different
unwinding/electrophoresis times tested, we detected that the
Fig. 2. T. merianae micronucleated erythrocytes (arrow) stained with Giemsa

(1000X).

Fig. 3. T. merianae comet images of different DNA damage classes obtained from periph

1 and 3 (400X).
best time duration for unwinding and electrophoresis was 10
and 15 min respectively, as we obtained the characteristic comet
shape in the case of the positive controls and a minimum
migration in the case of negative controls (Fig. 3). Five minutes
was not enough for unwinding/electrophoresis steps, giving a
minimum of DNA migration even in the cells treated with the
highest concentration of H2O2.On the other hand, conducting both
steps during 20 min resulted in an excessive migration, with
comet tails separated from the nucleoids in most of the damaged
cells. A significant increase in DNA damage was observed at
all concentrations of H2O2 assayed: 10 mM¼178724.75;
25 mM¼173717.32; 50 mM¼187.67732.35, in relation to the
negative control: 119724.04 (po0.05), but without a dose–
response relationship.

Total values and mean (7SD) of BFMN and BDI for all animals
are presented in Table 1. The baseline values determined for this
species were BFMN¼0.9570.27 and BDI¼103.8570.97.
No differences were observed between males and females in the
BFMN or BDI (p40.05), and no relation was found between
baselines values and length or weight of the animals (p40.05).
eral blood erythrocytes: (a) negative control: class 1 and 2, (b) H2O2 10 mM: class

Table 1
Basal frequency of MN and baseline damage index values for T. merianae.

Animal Sex BFMNa BDIb

1 # 5 116

2 ~ 0 102

3 # 1 110

4 # 1 102

5 # 2 111

6 # 1 100

7 # 0 101

8 ~ 2 108

9 # 2 102

10 # 1 104

11 # 0 100

12 ~ 0 104

13 # 0 105

14 ~ 1 100

15 ~ 0 102

16 ~ 1 104

17 ~ 1 100

18 ~ 1 102

19 ~ 0 100

20 ~ 0 104

X7SD 0.9570.27 103.8570.97

a Basal frequency of micronucleus (MN/1000 cells counted).
b Baseline damage index (determined by the analysis of 100 comet images

classified in arbitrary units).
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4. Discussion

The MN test and CA are widely used in biomonitoring studies
to detect DNA damage in different wild species such as fish (Vera
Candioti et al., 2010; Ansari et al., 2011), amphibians
(Lajmanovich et al., 2005; Hui Yin et al., 2008), reptiles (Poletta
et al., 2009; Strunjak-Perovic et al., 2010; Poletta et al., 2011) and
mammals (Heuser et al., 2002). In all cases, they demonstrated a
high sensitivity to detect the effects of genotoxic agents.

The present study explored the utility of the MN test and CA
for genotoxic evaluation in T. merianae, being the first report on
their application in erythrocytes of this reptilian species. We set
the suitable cell density, unwinding and electrophoresis condi-
tions to apply the CA technique in this species, which is both,
species- and cell type-specific (Lee and Steinert, 2003). Besides,
we determined baseline values of MN and DI for this reptilian
species. This information would be very useful as reference values
for future in vivo studies to assess the genotoxicity of different
agents in the tegu lizard.

According to Grisolia et al. (2009) the differences observed in
the baseline DNA damage among the species living in the same
environment show that we must be aware of the differential
sensitivity of organisms. Udroiu (2006) indicated that intrinsic
factors like lifespan of circulating erythrocytes, and removal time
of old or damaged erythrocytes could influence the presence of
spontaneous MN. On the other hand, the sensitivity of genotoxi-
city tests may also be affected by high inter-individual variability
(Akcha et al., 2003). Ectothermic organisms such as lizards,
which have a low metabolic rate, can be more sensitive to the
effects of xenobiotics and their recovery may be slower than other
non-reptilian species (Hall, 1980). In this context, the basal level
of DNA damage has been shown to be influenced by multiple
factors and the literature suggests that it must be evaluated
according to the species, sex, and age (Zúñiga-González et al.,
2000, 2001). In the present study, no differences were found
between animals of different ages and sex in the BFMN or BDI,
suggesting that basal values are stable among animals in this
species.

Zúñiga-González et al. (2001) reported baseline MN level for two
species of lizards, Iguana iguana and Ctenosaura pectinata (0.10 and
0.05/1000, respectively), and for other reptilian species such as
snakes, turtles and crocodiles (BFMN from 0 to 0.30/1000) (Zúñiga-
González et al., 2000, 2001). Similar results were obtained for the
snake Hierophis gemonensis (0.30/1000) (Strunjak-Perovic et al.,
2010). These values were considerably lower than the BFMN found
in our study for T. merianae (0.9570.27). Large differences in MN
frequencies between studies can result from different analyzers and
the low number of individuals used in the cited works.

Our results agree with those reported for the broad-snouted
caiman (Caiman latirostris) both in BFMN (0.8770.74) and BDI
(103.4073.36) (Poletta et al., 2008). Furthermore, we found no
relation between BFMN or BDI with sex or size of T. merianae, as it
was reported by Poletta et al. (2008) for C. latirostris.

During the last years, several wild species have been used as
bioindicators in the monitoring of environmental quality (Heuser
et al., 2002; Wirzinger et al., 2007; Bosch et al., 2011), taking into
account that their susceptibility to different xenobiotics can be
used as early warnings of environmental alterations (Burlibas-a
and Gavrilă, 2011).

The results obtained in the present contribution have demon-
strated that the tegu lizard could be a good indicator for in vivo
genotoxicity assessment of contaminants through the CA and
MN test. Besides, the possibility to take blood samples without
causing any damage to these animals implies a great advantage
for future studies in a wild species under management, as is
T. merianae. Further studies are necessary to determine this
species as a sentinel organism for the evaluation of those
compounds affecting it in its natural geographic distribution.
5. Conclusions

The information provided in the present study confirms the
sensitivity of the MN test and CA to be applied as biomarkers of
genotoxicity in erythrocytes of T. merianae.

Considering that T. merianae is an endemic species to South
America together with the existence of a sustainable use program
on it in Argentina, and the demonstrated sensitivity for the
application of MN test and CA in this species, we propose the
tegu lizard for future in vivo studies to assess the genotoxicity of
different agents, including those possibly affecting this species in
its natural geographic distribution.
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Bosch, B., Mañas, F., Gorla, N., Aiassa, D., 2011. Micronucleus test in post
metamorphic Odontophrynus cordobae and Rhinella arenarum (Amphibia:
Anura) for environmental monitoring. J. Toxicol. Environ. Health Sci. 3,
155–163.
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